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ABSTRACT
EVOLUTION OF ETHYLENE,

GROWTH, AND DEVELOPMENT OF CROPS

UNDER VARYING CONCENTRATIONS AND SOURCES OF NITROGEN
FEBRUARY 1990
ILIA CORNIER-RIVERA,

B.S., UNIVERSITY OF PUERTO RICO

M.S., UNIVERSITY OF MASSACHUSETTS
Directed by Professor Allen V.

Growth,

ethylene evolution,

Barker

and other developmental

responses of crops to varying sources and concentrations of
nitrogen were studied.

The crops included were tomato

(Lvcopersicon esculentum Mill cv.
(Coleus blumei Benth.
(Neohrolepsis exaltata
poinsettia
Dark Red'

cv.

'Heinz 1350'),

'American Beauty'),

coleus

fern

[Schott] bostoniensis Davenport),

(Euphorbia pulcherrima Willd.
and 'Gutbier V-14 Glory').

cvs.

and

'Annette Hegg

Ethylene evolution

increased with increments of concentrations of NH4+-N and
with increasing ratios of NH4+-N and NO3 -N.
development were adversely affected by NH4+-N.

Growth and
Treatment

with a high level of urea generally restricted growth and
increased ethylene evolution to a lesser degree than with
NH4+-N.

N03"“N at low or high levels favored growth and

development of the crops studied.

Ethylene evolution did

not always reflect the stress imparted on the plants by
NH4+-N.

Enhancing K nutrition ameliorated some of the toxic

effects of NH4+-N.
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CHAPTER I
INTRODUCTION

Nitrogen and other nutrients
in plant growth and develoomert
The various effects of source and concentration of
nitrogen on plants have been studied widely.

Research on

efficiency of N sources with respect to their uptake and
assimilation and their influence on growth and development
has been extensive.
a combination,

Nitrate and ammonium,

separately or in

are the forms of nitrogen usually considered.

Interactions of nitrogen ions with other nutrients have also
been investigated.
Attention is drawn to the importance of nitrogen for
life in an outline of the nitrogen cycle.
representation Goodwin and Mercer
complexity of interactions,
all

levels of life.

(46)

clearly display the

in relation to nitrogen,

According to the scheme,

plants growing in the soil would be
N03~,

In this schematic

among

uptake of N by

in two forms,

N2

or

part of the nitrate proceeding from the nitrification

of NH3 by soil bacteria.

The N2 would be

fixed and the NO3

would be assimilated in the presence of nitrate reductase
(NR)

and nitrite reductase

(NiR),

yielding NH3.

1

both

(N2

and N03

)

Uptake of nitrogen
As

illustrated by the literature cited below,

research

on the nitrogen nutrition of plants revolves around the
morphological and physiological
ammonium ions
and MacKown

implications of nitrate and

for plant growth and development.

(91)

stated,

As Scherer

"Nitrate and ammonium are the two

most important forms of nitrogen absorbed by plants."
Ullrich

(107)

reviewed the various transport mechanisms

and responses to N03“ amendments that would help explain the
absorption of nitrate ions.

The author presented similar

information for NH4+ uptake and,

finally,

regulation of NO3- absorption by NH4+.

discussed the

It was this

inhibition of nitrate uptake by ammonium that Scherer and
MacKown

(91)

ratio of 1:1

observed in tobacco treated with a N03~:NH4+-N
(1.5 mM of each ion).

Of the three N03_-N to

NH4+-N ratios established —0:3,

1:1,

concentration of NH4+-N

yielded the lowest uptake

of NO3".

(3.0 mM)

Treatment with a ratio of 3:1

3:1—,

the highest

(0.75 mM NH4+),

resulted in the highest absorption.
Regulation of nitrate uptake,
ammonium,

by a variety of factors has been the object of

numerous studies over the years.
example,
CaC03

and

as well as that of

Barker et al.

(19),

for

observed that by the eighth day of treatment with
(NH4)2S04

added to the nutrient solution,

bean

plants absorbed four times more NH4+ than plants lacking
CaCC>3 •

2

Control of ammonium uptake by K+ was also suggested
(8).

Supplying additional K+ as the concentration of NH4+-N

in tomato plants increased resulted in a restricted
accumulation of total N.
nutrition,

This effect of K+ on NH4

according to the authors,

could be attributed to

the competition of potassium and ammonium ions

for uptake.

Further research on the effect of K+ on absorption of
nitrogen ions by plants was conducted in conjunction with
investigations on the response to a nitrate-ammonium ratio
(91).
(0:3,

Addition of 1.0 mM K+ to any ratio of the N sources
1:1,

or 3:1)

enhanced N03” uptake to a higher degree

than an adjustment with 0.1 mM K+.

No effect of the N03:NH4

ratio or of K+ level was reflected in the absorption of
ammonium ions.
Ca2+ is another ion modifying absorption of N

(90).

Increments of Ca2+ produced an increase in the rate of NH4+
uptake.
A study on N03" absorption by roots of cocklebur,

corn,

and lupine supplied with successive increases in N03"
suggested the involvement of genetic control
highest rate was

(59) .

The

found in cocklebur plants.

Regulation of the accumulation and_assimilation—of—nitrogen
The factors regulating the distribution of nitrogen in
plants are numerous and,

unavoidably,

interconnected.

Limitations in the accumulation and assimilation of N posed
by source,

concentration,

pH,

3

K+,

and genetic control are

discussed in the

following paragraphs.

these processes were reviewed by Oaks

Other modifiers of
(78).

the accumulation and assimilation of N,
NO3'

NH4+,

In studies on

the partitioning of

and their assimilatory products between root and

shoot is usually emphasized.
pH.

Calcium carbonate has been utilized in controlling

the acidity associated with NH4+ nutrition of plants
(18,19,71,36).

The results indicated that adding CaC03

depressed the accumulation of free NH4+
shoots

(19,71).

most of the NH4+

in leaves

(18)

and

Use of labelled 15N helped determine that
in shoots of bean plants treated with

carbonate proceeded from the NH4+ applied

(19).

However,

the large increase of free NH4+ measured in the aerial
portion of untreated plants originated from external and
internal

sources of ammonium.

Furthermore,

exhibited a higher accumulation of NH4+
the untreated plants,

in the roots than

whereas plants without CaCo3

only a moderate increase of NH4+

in the roots

NH4+ applied was transported to the shoots).
Hegg Supreme poinsettia,
CaC03

showed

(most of the
In the Annette

treatment with high amounts of

and NH4+-N yielded a large accumulation of NH4+

lower leaves and roots
CaC03

treated plants

(36).

in the

The NH4+ accumulated with

added to the NH4+-N solution was evenly distributed

between the shoot and root while most of the free ammonium
in those without a carbonate addition was
shoots.

4

found in the

Accumulation of amides in plants on CaC03

and NH4 +

nutrition was lower than in those without the carbonate
amendment

(19).

The concentration of amides was highest in

roots of plants treated with CaC03

(19,71).

A difference in the amino-N content also resulted in
response to a CaC03
(19).

addition with ammonium fertilization

While amino-N was lower in roots than in shoots of

untreated plants,

a greater amount was measured in roots,

rather than shoots,
PntagginTn.

of the

(NH4)2S04

and CaC03 treatment.

Sources agree that the addition of IT*- to a

nutrient solution containing NH^-N will result in a
reduction of the free ammonium content of plants
(11,15,74,8).

Research

(13,14,)

has demonstrated that

accumulation of amides and amino acids also decreased with
additional K+.

Barker

(11)

noted that K+ needed CaC03 to

produce this result in bean plants supplied with NH4+-N.

An

increase in potassium lowered the accumulation of NH4+
particularly in the leaves of tomato plants

(15,74)

concluded that in order to prevent the detrimental

effects

of NH4+ nutrition the concentration of K applied should be
chemically equivalent to that of the NH4+ supplied,
especially when the level of NH4+ in solution is high.

This

conclusion was based on the observations that the greater
reduction in soluble N,

in comparison with that of total N,

occurred when additional K+ was supplied,

indicating that

the conversion of NH4+ to other compounds

is promoted and

5

partially regulated by potassium.
Ajayi et al.

(8),

The data reported by

which showed that increasing the

concentration of K+ restricted the accumulation of NH4+ to a
greater extent than the content of total N,
suggestion of Maynard et al.

would affirm the

(74).

Work with a variety of crops presented the response of
polyamines to adjusting of NH4+-N nutrition with K+
Putrescine,

spermidine,

(97).

and spermine would decrease when

treated with additional potassium.
Source.

Contents of free NH4+ and amide -N in tomato

plants were 1/3 to 1/2

lower in N03“-N nutrition in

comparison to their concentrations under NH4+-N nutrition
(82).

Treatment with

(NH4)2S04

resulted in the accumulation

of NH4+ along with loss of chlorophyll and a decrease in
photosynthesis before changes in the fine structure of
chloroplasts were detected,

continuing for the duration of

the experiment of the experiment.

Other investigators

(13)

addressing the anatomical consequences of NH4+ nutrition
proposed a lateral translocation of NH4+

in tomato stems,

avoiding damage of vascular and cambial cells,

since the

lesions characteristic of NH4+ toxicity were found in the
epidermis and cortex.

Chaillou et al.

(30,31)

measured the

comparative effects of N03"-N and NH4+-N nutrition on French
bean plants.

The results reflected a high reduction in the

levels of amino acids in leaves
roots

(75%) ,

(30%),

stems

(60%),

and

if plants were subjected to a nitrate regime

6

rather than to an ammonium medium.
and Ca2+)

Cation

(especially K+

and organic acid contents decreased with an NH4+-N

treatment.

Jarvis

(55)

reported a higher accumulation of

total N in roots and shoots of perennial ryegrass when the
source was NH4+-N.
Concentration.

No difference was observed in the

effect of N form on the distribution of nitrogen between
roots and shoots of perennial ryegrass
concentration of N supplied, however,
the accumulation of N.
the shoots,

(55).

Changes in the

caused differences in

A greater amount of N was located in

rather than in the roots,

if the concentration

of N was high.
Increases in NC>3”-N accumulation with increments in the
Ca(N03)2 supplied have been noted for Italian ryegrass
radish roots,

and spinach

N03"in spinach

(14)

(71,72).

(53),

The concentration of

was greater with longer exposures to

high levels of N03”-N nutrition; mature leaves had a greater
content of N03” than young leaves.

Parallel results were

observed for the accumulation of NH4+ in tomato leaves
increasing applications of NH4+-N
and cocklebur

(59)

(8).

Research with lupine

showed that treatment with a low

concentration of NH4+-N resulted in an increase of amine-N
in the sap.

Also,

a higher level of ammonium

greater proportion of amino acids,

amides,

produced a

and free NH4

.

Optimal assimilation of N03_ and NH4+ was measured at low
concentrations of N in the nutrient solution.

7

Taxonomic classification.
Solanaceae

(52)

Work with several

species of

demonstrated that tomato and tobacco plants

had the highest accumulation of NH4+

(tomato was the most

sensitive and tobacco was the most tolerant to NH4+-N with
respect to growth).
accumulation,
pepper,

Pepper plants had the lowest

whereas petunia and eggplant were higher than

but much lower than tobacco plants.

level of N,

At the highest

tomato had greater contents of putrescine and

cadaverine than tobacco.

This difference in diamine

accumulation was attributed to the use of putrescine in the
production of nicotine by tobacco plants.
Spinach cultivars differ in their tendencies to
accumulate N03"

(16,73).

The lowest tendency for

accumulation was in savoyed-leaf cultivars and the highest
in smooth-leaf cultivrs

(16).

Similarly,

at low

concentrations of N03”-N the genus Plantacro lanceolata
accumulated more N03” in leaves and roots than P_j_ major
(42).

The rates of N03~ assimilation differed in the roots

of three species at low concentrations of N03”
exhibited the highest accumulation of N03",

(59).

Lupine

whereas corn and

cocklebur presented intermediate and the lowest assimilatory
capacities,

respectively.

Based on these

results,

the

researchers concluded that N03“’-N assimilation depended on
the level of enzyme activity rather than on uptake.
cocklebur,

for example,the uptake of N03

was high,

In
yet the

reduced activity of nitrate reductase in the roots did not

8

permit good assimilation.

Oaks

(78)

states that UNR is the

overall rate limiting step in the conversion of N03” to
glutamine and glutamate."

A greater efficiency for NH4+-N

assimilation in cocklebur and lupine was suggested by a
higher accumulation of amino acids and amides in the leaves
at low levels of NH4+ nutrition.
Response of plants to nitrogen nutrition
Growth and developmental responses of plants to N
fertilization may differ according to a variety of factors.
Some of the sources of variation are cultivars,
concentration,
Growth.

source,

and their interactions.
The effect of source of N on the growth of

plants is well-documented.

Barker et al.

(18,19)

noted that

the fresh weights of bean plants growing on NH4-N nutrition
were lower than those on either N03“-N or NH4+-N and CaC03.
Similar results were observed when a variety of crops
bean,

sweet corn,

cucumber,

and pea— were studied for their

tolerance to ammonium nutrition

(71).

Yields of poinsettias

treated with NH4+-N alone were lower compared to those
treated with either a mixture of NH4+-N:N03--N or N03_-N
alone

(36,76).

The growth of carob was favored by a

combination of NH4+ and N03 -N or by NH4+-N alone,
opposed to N03”-N

(68).

as

A comparison of the fresh weights

of French bean plants revealed that those on NH4+-N
nutrition were 30% to 50% less than those on N03~-N
The dry weights for a tomato cultivar
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(VR—Valiant)

(30,31).
and a

mutant

(yg-5)

were lower when treated with NH4+-N than with

NC>3”-N

(12) .

In experiments with perennial ryegrass, Jarvis

(55)

found that overall growth was not affected by the

source of nitrogen used,

(NH4)2S04 or Ca(N03)2.

Fertilization with KN03,

compared to treatment with urea or

treated urea,

resulted in the highest yield in wheat

Another study with wheat plants

(65)

(58).

showed that a higher

yield was produced under nitrate than with ammonium
nutrition.
Research has established not only the significance of
the source of nitrogen for crop yield,

but also the

importance of the concentration of N in the growth of
plants.

Fresh weight in tomato plants was lowest when no N

was added

(74)

then increased with

(NH4)2S04 levels of 0.01

N and 0.04 N and diminished at 0.08 N and 0.16 N

(weight was

lower at these concentrations than at the first increment).
The fresh weights of five cultivated species of Solanaceae
decreased as the concentration of NH4-N increased
Similarly,

(52).

a study of tomato cultivars and mutants

(12)

showed that the dry weights of VR Valiant and yellow-green-5
were restricted as the level of NH4+-N increased, while
little change was observed in the dry weight as the
concentration of N03-N was raised.

Experiments with Gutbier

V-14 Glory poinsettias demonstrated that the highest levels
of N nutrition yielded the shortest and narrowest plants
(76).

Perennial ryegrass growing at a high rate of N
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produced 46% more dry matter than that growing at a low rate
of N

(55).
Development at the whole plant level.

Crops often

exhibit characteristic symptoms in response to nitrogen
source and concentration.
bean plants

(18)

Ammonium toxicity symptoms in

were represented by curling and drying at

the leaf margins and by yellowing and necrosis of the leaf
blade.

This chlorosis of the bean tissue along with the

formation of necrotic lesions was observed five days after
ammonium treatment began,
(19).

becoming more pronounced with time

Plants responding to mild ammonium toxicity showed

curling at the leaf margins

(11).

Those suffering from

severe toxicity curled at the margins,

and had chlorophyll

disappear uniformly from the leaf blade and progress to the
formation of necrotic spots and collapse of the laminae.
Heavy ammonium fertilization produced necrotic stem lesions
in

tomato plants

(15).

Continued exposure to this nitrogen

regime caused lesions to appear on leaf petioles and blades.
No lesions were observed in tomato stems if N was not added
or if the concentration of

(NH4)2S04 was at 0.01 N

(74).

Lesions became severe as the concentration of the ammonium
salt was raised to 0.04,

0.08,

and 0.16 N.

Other sources

agree that tomato stem lesions form in response to NH4—N
nutrition

(8,52).

Besides exhibiting a restriction of growth, bean,
cucumber,

and pea plants responded to ammonium nutrition

11

with wilting,
terminal

marginal necrosis,

interveinal chlorosis of

leaves,and finally death

same study,

(71).

was restricted in growth,

Sweet corn,

was wilting,

very dark green leaves showing no necrosis.

in the

but had

N03”-N supplied

to the four species did not elicit the symptoms observed
under the

(NH4)2S04 treatment.

Annette Hegg Supreme poinsettias responded to ammonium
nutrition with a restriction in growth and by turning
yellow-green at 100% NH4+-N;

lower ratios of ammonium to

nitrate presented deep green leaves

(36).

Roots were brown

and brittle when the ratios of NH4+-N:NC>3“-N were 75% and
100%.

White,

long,

and well-developed lateral roots were

present at 100% N03"-N.

The number of necrotic spots on the

intermediate bracts of Gutbier V-14 Glory poinsettias
increased greatly if treated with 100% NH4-N instead of 100%
N03-N

(76)

or if nutrition was not reduced during

transitional bract development

(76,77).

The epinasty observed by Corey et al.

(34)

exhibited in the presence of NH4+ nutrition.
amount of ethylene
tomato plants,
0.04 M NH4+-N

(112 nl/g.hr)

Also,

(12),

1350

growing in

This elevated evolution of ethylene was

not recorded for plants treated with 0.04 M N03~-N
observed:

a high

was evolved by Heinz

sensitive to NH4+ toxicity
(34).

was

(rate

11 nl/g.hr).

Development at the cellular level.

The necrotic stem

lesions which developed in tomato plants grown in an

12

ammonium regime
(13).

(15,74,8,52)

were examined microscopically

While vascular and pith tissues were undamaged,

cells of the epidermis and cortex revealed injury:
walls had collapsed and thickened.

the

cell

Puritch and Barker

(82)

reported on the progressive degradation of tomato leaf
chloroplasts from plants under NH4+-N nutrition.

On the

tenth day of treatment the development of vesicles in some
chloroplasts and broken plastids were observed.

After ten

days plastids were distant from each other,

grana lamellae

had swelled and disappeared in some cases.

Finally,

by the

twentieth day of ammonium treatment the chloroplasts were
characterized by a lack of large grana,

the plastids had an

ellipsoidally rounded appearance and were scattered
throughout the protoplasm,instead of flattened around the
edges of the protoplast as in normal cells.
Electron microscopy was used to study the darkened
spots noted on the tips of transitional bracts in Gutbier V14 Glory poinsettias growing at high levels of N

(77).

The

lesions were found to be concentrated around the pitted vein
endings at the bract tip,

where salts could be easily

deposited thereby causing injury.
The number of chloroplasts and the chlorophyll content
of spring barley seedlings were reduced by nitrogen
deficiency

(synthesis of chlorophyll b inhibited to a

greater extent than synthesis of chlorophyll a).
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Both

returned to the level of the control plants when N was added

(100) .
Effect of classification on growth and development.
Results of numerous

investigations indicated that the

response of crops to the source or concentration of N and
the degree to which growth and development are affected will
vary according to cultivar,

species,

or family.

the responses of plants to ammonium nutrition

A study of

(71)

showed

that symptoms presented by dicots differed from that of the
monocot.

The bean,

cucumber,

and pea plants showed marginal

necrosis and interveinal chlorosis of terminal
these were absent in the sweet corn plants.

leaves,

while

Several

cultivated Solanaceae were also studied for their tolerance
to an ammonium regime

(52).

Of the five species treated,

only tomato and eggplant developed lesions.

Tomato plants

were the most sensitive with respect to inhibition of growth
as the concentration of NH^-N increased.
were the next most sensitive,

Petunia plants

and tobacco was the most

tolerant in that growth of this species was affected least
by increments in

(NH4)2SC>4.

Research conducted by Barker and Lachman
cultivars,
differences
al.

(34)

mutants,

(12)

with 39

and crosses of tomato revealed

in sensitivity to NH4+-N nutrition.

found that while the cultivar Heinz

Corey et

1350 produced

large quantities of ethylene when subjected to NH4

14

N

nutrition,

the mutants yellow-green-5 and neglecta-1 did

not.
Variation in the response of two poinsettia cultivars
to NH4+ nutrition have been sited in the literature.

The

cultivar Annette Hegg Supreme was a yellow-green color

(36),

and the Gutbier V-14 Glory cultivar presented a high number
of necrotic spots with 100% NH4+-N

(76).

Leaf type was as an indicator of the reaction of
spinach cultivars to NC>3“ nutrition
cultivars had the highest yields

(16) .

Smooth-leaf

in comparison to semi-

savoyed or savoyed leaves.
Response of plants to

interaction of N with other nutrients

When discussing the effects of the interrelation of
nutrients on the growth and development of plants,
influence of pH on plant nutrition,
nutrition,

must be considered.

medium controlled acidity

the

particularly on N

Adding CaC03 to the growth

(18,19,71,36).

In addition,

the

data showed that pH was the determining factor in improving
the growth of bean plants in NH4+ nutrition
changes
CaC03

in nutrient composition.

(18)

and not the

The positive effect of

on growth was not due to dissociation of the

carbonate.

Untreated plants presented NH4^ toxicity

symptoms which were absent in the plants supplied with CaCC>3
(71) .
Effect of nutrient interaction on growth and
development.

Repeated references have been made to the

15

interplay between

potassium and nitrogen in plants.

collected by Barker
of K+,

(11)

Data

indicated that increasing additions

with or without CaC03,

caused reductions

in the

percentage of total soluble nitrogen of bean leaves.

This

effect of potassium on NH4 + and amide content also was noted
by Maynard et al.

(74).

Work with tomato plants

(15)

showed that deficiency of

minor elements did not cause stem lesions and rated cations
for their effectiveness

in preventing stem lesions.

K+

reduced or eliminated the formation of stem lesions to a
greater extent than Mg2+,

Na+,

and Ca2+.

An increase in K+

resulted in a decrease of the ammonium content,
in leaves.

Growth of tomato plants did not react to

potassium when N was deficient

(74),

but increased when 0.01

or 0.04 N K+ concentrations were added to 0.01,
0.08 N nitrogen salt.
when 0.16 N

particularly

and

Restriction of growth was evident

(NH4)2S04 was supplied,

potassium amendment.

0.04,

regardless of the

In the same experiment,

control of

stem lesions was obtained with 0.01 N K+ and 0.04 N level of
the nitrogen source or with 0.08 N K+ and 0.08 N and 0.16 N
(NH4)2S04.

Addition of 0.01 N K+ inhibited the formation of

stem lesions in tomato plants with 0.02 N
with higher concentrations
Barker and Lachman

(NH4)2S04,

but not

(52).

(12)

observed an enhancement of

fresh weight if K was added to low levels of NH4+-N
restriction if K was combined with 0.08 M NH4+.
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and a

The data

correlated the appearance of ammonium toxicity symptoms and
the concentration of K* in stems.
K+ was

A high concentration of

found in mutant tomato plants which exhibited a

resistance to ammonium injury.

Cultivars had less K+ than

the mutants and were sensitive to the ammonium ion.

Growth

was diminished in plants treated with 0.04 M Ca(*103)2

and

0.08 M KC1.

Levels of Mg2+ and Ca2 + were depressed with

increments

in K to a greater extent than with increases in

NH4+.

Corey et al.

yg-5 and neg-1,
additional K+,

(34)

reported that the tomato mutants

treated with

(NH4)2S04

in the absence of

had a high percentage of K+ in the shoots.

The results of experiments with wheat and sunflower
plants

(65)

revealed that growth in a N03“ medium was

affected little by the concentration of K+,

but an

improvement in yield resulted from amendments of K+
treatment.
regime,

in NH4+

If a low level of K+ was supplied to the NH4N03

growth was as poor as with ammonium nutrition,

but

adding a high concentration of K+ to the NH4N03 produced the
largest plants.

Transpiration and photosynthesis did

respond to additions of K+,

but the production of organic

nitrogen in ammonium nutrition was,
affected by the supply of K+.

in contrast,

Protein synthesis

greatly
in nitrate-

grown plants was influenced to a lesser degree by changes

in

K+.
An increase in crop yield was noted when the level of
K+ was increased with tobacco
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(91).

The highest dry weights

were recorded at 0.01 mM K+ and at the N03”-N:NH4+-N ratio
of 2.25 mM:0.75 mM.
K+ treatment

Uptake of N03" was greater at the high

(1.0 mM),

while no effect on the uptake of NH4+

was observed with increments of K+.
Scherer et al.

(90)

compiled data indicating that

increases in Ca2+ enhanced the uptake of NH4+ or K+ in rice
roots under aerobic or anaerobic conditions
under anoxia).

Furthermore,

NH4+ decreased uptake of K+.

(effect reduced

increments in the supply of
The level of potassium ions

affected the absorption of NH4+ slightly.

Another effect of

potassium on a nutrient in plants was examined in
poinsettias
and NH4N03

(35).

Poinsettia leaves on a high K+

(420 ppm)

exhibited a reduction in the concentration of

Mg2+ and also presented magnesium deficiency symptoms,
neither being expressed at a lower level of K+
Recent studies
Ca2+

(17)

(210 ppm) .

have shown that the accumulation of

in radish plants is suppressed by NH4+ nutrition.

Increase in the concentration of Ca2+ in a nutrient solution
with N03”-N produced an increase in plant growth,

while

addition to an NH4+-N regime resulted in a linear reduction
of growth.

Deficiencies or toxicities of other elements did

not explain the mutual

inhibition observed between Ca2+ and

NH4+.
Smith

(97)

illustrated the effect of potassium

deficiency on the accumulation of three polyamines by a
variety of crops.

The accumulation of putrescine.
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spermidine,
K+

and spermine was

intensified in the absence of

for all the plants studied.
Testing of inorganic cations

for their ability to

overcome the damaging effect of ethephon
compound)

(ethylene-releasing

on membrane permeability disclosed a range of

effectiveness among the cations

(80).

Membrane permeability

(indicated by leakage of the pigment betacyanin from the
vacuole)

in the presence of ethephon was not maintained

effectively by NH4+,

K+,

nor

Na+,

but was kept intact by

Ca2+ and Mg2+.
Ethvlene in higher plants
Ethylene is a colorless,

highly flammable gas at

standard temperature and pressure

(46).

unsaturated carbon compound

H2C=CH2,

coordination compounds
as

(60),

It is an
forming

in reaction with metallic ions,

in the reaction of ethylene with the Hg2+

mercuric perchlorate

(58)

ions

such

in

(method used to trap ethylene in a

solution adding Cl" ions to recover ethylene).

Oxidation of

ethylene occurs readily.
In 1901 Neljubow

(75)

demonstrated that the ethylene in

coal gas produced the "triple response"
i.e.

1.)

swelled,

stem elongation,
3.)

was

inhibited,

of pea seedlings,
2.)

the stem

horizontal growth of stem was exhibited.

In

1934 Gane demonstrated that ethylene was produced by plants
(43).

Interest in the study of ethylene as a plant growth

regulator increased with the widespread use of gas
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chromatography for analysis?

the speed,

ease,

and

sensitivity afforded by this method was preferred to the
manometric techniques discussed by Burg

(25,28,46,61).

Ethylene is produced by microorganisms and higher
plants

(61)

including angiosperms,

pteridophytes,
some fungi,

bryophytes,

and bacteria

gymnosperms,

green algae,

(46).

one blue green alga,

It is synthesized by all

parts of higher plants.
The direct and indirect effects of ethylene on the
regulation of the metabolism of plants are widely published.
Comprehensive reviews of the literature citing the response
of plants or plant parts to ethylene list a diversity of
effects

(1,25,28,57,61,85,112)

mentioned,

on,

as Lieberman

(61)

"all aspects of plant growth and development."

Beyer et al.

(25)

fruit ripening,

tabulated the effects and highlighted

abscission,

breaking of dormancy,

modification of sex expression,

flowering,

early seedling growth,

and

normal growth and development as some of the phenomena
influenced by ethylene.

Focusing on the regulation of post¬

harvest activity by ethylene,

Kader

(57)

presented a review

of investigations on the quality attributes and
physiological disorders in horticultural crops.
Biosynthesis
Pathway.

Attempts to identify the precursor of

ethylene in higher plants presented various substances as
possibilities including acetate,
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linolate,

propanal,

ethanol,
acid,

glucose,

acrylic acid,

indoleacetic acid,

and methionine among others

shikimic

(1,25,28,61,63).

Study of

a model system in which linolenic acid proceeded
nonenzymatically to produce ethylene in the presence of
copper,

a catalyst,

and ascorbic acid,

Lieberman and Mapson

(63)

a reducing agent,

led

to conclude that this was the

route for the synthesis of ethylene in nature.
to the article in which Lieberman and Mapson

An addendum

(63)

outlined

their proposed linolate system indicated that the only amino
acid which they found to react in their copper-ascorbate
system to yield ethylene in significant quantities was
methionine.

Furthermore,

of the substances producing

ethylene in the model system,

methionine was the only one

also to stimulate the production of

ethylene in apple

tissue slices.
Based on the observations that the synthesis of
ethylene from methionine ceased under anaerobic conditions
and that a sudden increase in the production of ethylene
occurred when tissue was returned to an aerobic environment,
Adams and Yang

(7)

was accumulating.

proposed that an intermediate compound
Their investigation resulted in the

discovery of l-aminocyclopropane-l-carboxylic acid

(ACC)

as

an intermediate compound in the biosynthesis of ethylene and
provided evidence supporting the conversion of S—
adenosylmethionine
ACC.

(SAM)

Adams and Yang

(7),

to 5-methylthioribose
in addition,
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(MTR)

and

demonstrated that

aminoethoxyvinylglycine
butenoic acid]

[2'-amino-4-(2'-aminoethoxy)trans-3-

inhibited the conversion of methionine to ACC

(see section and that oxygen was needed for ethylene to be
produced from ACC.

The end products of ACC metabolism in

apple tissue were postulated as ethylene,
and ammonia.

Furthermore,

C02,

formic acid,

it was suggested that,

given the

significant increase in ethylene after treatment with ACC by
tissue that normally produced a small amount,

the rate-

limiting step in the biosynthetic pathway of ethylene is the
conversion of SAM to ACC.
Research

(48)

has indicated that the conversion of ACC

to ethylene in vacuoles of Pisum sativum and Vicia faba is
mediated by an enzyme that is stereospecific.
forming enzyme
mixture

(EFE)

(1R,2S)- and

produced 1-butene from the racemic
(IS,2R)-l-amino-2-ethylcyclopropane-l-

carboxylic acid

(AEC)

coronamic acid,

(1S,2S)- and

to ethylene,

The ethylene¬

called allocoronamic acid but not from
(1R,2R)-AEC.

ACC was converted

and allocoronamic acid yielded 1-butene in the

presence of the same enzyme in vacuoles as well as in whole
leaf tissue.

The results indicated that 80% of the ACC in

protoplasts was located in the vacuole,

that more than 80%

of the ethylene synthesized by protoplasts was generated by
the vacuole,
Co2+,

and that inhibitors of ethylene synthesis,

n-propyl gallate,

with its production.
EFE was

and N2

(absence of 02),

Guy and Kende

in the vacuole.

(48)

Furthermore,
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i.e.

interfered

concluded that the

the biosynthesis of

ethylene occurred only after a critical concentration of the
substrate inside the vacuole was attained.

Although the

vacuole proved to be a site for the production of ethylene,
the investigators did not rule out the existence of other
organelles in which ethylene is synthesized.
A summary of the mechanism for the formation of
ethylene from methionine is presented in figure 1.1.

The S

atom of methionine is conserved in the conversion of SAM to
MTA which is then hydrolyzed to MTR thus continuing the
synthesis of methionine

(116).

Transfer of the CH3S group

in MTA to methionine via, MTR, was observed in earlier
experiments by Adams and Yang

(6).

The four carbon atoms of

the ribose unit of SAM are also recycled in this pathway
with oC-keto-S-methylthiobutyric acid
of methionine)

(KMTB,

an cC-keto analog

participating in their conservation

(60).

Regulation of biosynthesis
Scientists have studied a wide range of regulators of
ethylene biosynthesis,

e.g.

light

(37)

and surfactants

(33),

and continue in their investigations in an effort to
overcome the various detrimental effects that ethylene has
on plants.
auxins,

Regulation of the production of ethylene by

stress,

cyanide,

has been studied.

and a variety of other substances

Research related to the regulation of

ethylene also looked into controlling ethylene for
commercial purposes.

Some of the ethylene-related phenomena
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that are of interest to investigators include reducing leaf
epinasty

(86)

and controlling senescence

Induction bv auxin.

(69).

Various sources indicate that

treatment with IAA stimulated the formation of ethylene
(9,25,46,83).

Beyer et al.

(25)

supported these

observations by pointing out that in vegetative tissue there
is a relationship between a high production of ethylene and
areas high in auxin.

Exceptions to this response have been

noted in senescing tissue
flowers

(25)

and in abscising leaves and

(46).

Yang

(112)

summarized the characteristics of auxin-

induced ethylene production indicating that inhibitors of
RNA and protein synthesis blocked the production.

Yang

concluded that this formation of ethylene required enzyme
synthesis.

Specifically,

Beyer et al.

(25)

mentioned that

cycloheximide,

an inhibitor of protein synthesis,

ACC synthase.

Furthermore,

Yu et al.

(115)

blocked

demonstrated

that ACC synthase in tomato extract was competitively
inhibited by aminoethoxyvinylglycine
aminooxyacetic acid

(AOA).

(AVG)

and

According to Yang

(112),

the

mechanism through which auxin stimulated the production of
ethylene was through the induction of ACC-synthase required
for the conversion of SAM to ACC.
The topic of stimulation of ethylene synthesis by auxin
becomes more complex when other interactions of plant growth
regulators

(46,61)

and variations in sensitivity to plant
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growth regulators from one tissue to another

(105)

are

considered.
Regulation bv ripening fruit.
stimulated in ripening fruit
(46)

Ethylene production is

(112,113).

Goodwin and Mercer

mentioned that ripening tissues exhibit the highest

production of ethylene in angiosperms.
Two systems of ethylene production during the
maturation and ripening of fruit have been described by Yang
(112,113).

System 1 is the low level of ethylene in fruit

before ripening begins,

and system 2 is the autocatalytic

burst of ethylene production which accompanies ripening.
preclimacteric fruit,

In

the conversion of SAM to ACC or ACC to

ethylene is restricted

(25,112).

The production of ethylene

in system 1 is attributed to the development of ACC
synthase.

Sources agree

(85,112)

that the small amount of

ACC or ethylene formed in system 1 enhances enzyme activity
resulting in an increase of the conversion of ACC to
ethylene thereby explaining the massive synthesis of system
2 ethylene.

As the tomato fruit matures and ripens,

ethylene forming enzyme
at a rapid rate

(EFE)

is synthesized and activated

(88).

In climacteric fruits,

the onset of ethylene synthesis

was not mediated by auxin as in vegetative tissue.
(112)

the

points out that,

Yang

even though the pathway for

biosynthesis of ethylene is the same for fruit and
vegetative tissues, mechanisms for its regulation are
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different.
bananas,

Climacteric fruit,

avocadoes,

such as apples,

pears,

exhibit an increase in intracellular

ethylene prior to the respiratory climacteric

(large rise).

A constant respiration is maintained during ripening,

and

the application of exogenous ethylene stimulates respiration
in nonclimacteric fruit such as oranges,

lemons,

and figs

(46) .
Regulation bv stress.

Various stresses induce ethylene

production in tissues of all ages
germination,

ripening of fruit,

(46)

and during

and abscission

(114).

Stress stimulates the synthesis of ACC synthase,
accumulation of ACC,
Tingey

(102)

subsequent

and its conversion to ethylene

(25).

defines stress-ethylene as the "increased

production of ethylene in response to stress applied to
plants."

This author states that the production of stress-

ethylene is proportional,

to some extent,

concentration of the toxicant

(stress)

to the

to which the tissue

is exposed adding that biological processes in sensitive
species are stimulated at lower concentrations than in
tolerant species.

Furthermore,

the site of stress-ethylene

production may be in the foliage and root or just at the
root.
Wounding stimulates synthesis of ACC synthase
subsequent synthesis of ethylene
al.

(25)

(25,46,112,113).

(105)

and

Beyer et

observed that the response of fruit to wounding

varies according to the variety,
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the conditions prevailing,

and the extent of wounding.
increase

Other stimuli causing an

in ethylene include water deficits

(112,113)

and temperature extremes

were obtained through mechanical
al.

(38)

(46)

(25,46).

or drought

Similar results

stimulation.

De Jaegher et

reported that rubbing the internodes of Bryonia

dioica provoked a burst of ethylene and a temporary increase
of the activity of ACC synthase.

Jaffe and Biro

(54)

also

observed that rubbing of internodes or bending by wind
induced ethylene production by kidney bean plants.
and Larson

(86)

reported that horizontal

Saltveit

shaking of

poinsettias and flexing of petioles caused an increase in
ethylene.
Guye et al.

(49)

noted that chilling induces the

production of ethylene with chilling-tolerant cultivars
producing more ethylene than the chilling-sensitive ones.
Yang

(113)

production.

also listed chilling as a stimulus

for ethylene

The same effect is produced by insect damage

and by disease

(112).

Anaerobic conditions of the soil

generated by waterlogging accelerate the synthesis of
ethylene

(26,27).

During anaerobiosis,

ACC is synthesized

in the root and is transported in the xylem to the shoots
where it is converted to ethylene
yielded similar results
(66).

Bradford and Yang

(27).

Flooding has

in seedlings of Pinus halepensis
(27)

further demonstrated that the

flow of ACC and ethylene production
the plants were drained.
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decreased rapidly when

Another factor inducing the production of ethylene is
the application of chemicals
this effect from CdCl2

and 03

promoted ethylene production.
NH4

(112).

Tingey

(102)

studied

and reported that auxins
Tomato plants subjected to

nutrition increased in the evolution of ethylene
Cyanide in the regulation of ethylene.

and 1987,

(34).

Between 1983

the literature has related repeatedly the

formation of ethylene with cyanide resistant respiration.
According to Goodwin and Mercer

(46)

CN

resistant

respiration may be the cause of the large rise in
respiration observed during the ripening of climacteric
fruit.

This large rise in respiration coincides with a rise

in ethylene synthesis.
der Plas

(47)

Research conducted by Gude and van

indicated that the production of ethylene and

the capacity of the mitochondrial alternative pathway were
greater in callus-forming discs than in nongrowing discs of
potato tubers.

The addition of ACC to nongrowing discs

enhanced the synthesis of ethylene and the capacity of the
alternative pathway.

Their work demonstrated that AVG

suppressed the production of ethylene and the capacity of
the alternative pathway,
forming discs.

but not the growth,

Furthermore,

the

in callus¬

precursor and the

inhibitor of the production of ethylene did not affect the
regular pathway for respiration

.

Pirrung and Brauman

discussed the regulation of ethylene by cyanide.
proposed that cyanide and ethylene,
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(79)

It was

both formed from ACC,

regulate the synthesis of ethylene and that the same
physiological effects are produced by the alternative
pathway and the action of ethylene.

The authors point out

that inhibition of cytochrome c by cyanide and ethylene
affects gene expression resulting in the coding for ACC
synthase and finally in the production of ethylene.
Miscellaneous regulators.
ethylene production,

A variety of regulators of

other than those mentioned above,

have

been studied for their inductive or inhibitive effects.
Among the substances
brassinosteroids,
light

(9).

inducing the synthesis of ethylene are

a type of production strongly affected by

Methyl jasmonate stimulated ethylene production

greatly in immature green tomatoes and in ripe and overripe
tomatoes

(88).

Another condition generating an increase in

ethylene was the use of NH4+-N nutrition in Heinz
tomato plants

(34).

1350

The addition of molar equivalents of

KC1 to NH4+-N prevented the

rise in ethylene.

Mutant

plants under NH4+ nutrition did not exhibit an increase in
ethylene and presented a higher accumulation of
Heinz

1350 under NH4+ nutrition.

This

than the

finding suggested

that potassium restricts the evolution of ethylene resulting
from NH4+ toxicity.
Inhibitors of ethylene synthesis can be classified
according to their mode of action.
blocks the conversion of SAM to ACC.

One group of compounds
Enol

analogues are included in this category,
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ether amino acid

e.g.

rhizobitoxin

(1,25,46,112),AVG
AOA

(25,85,112),

Yu et al.

(115)

competitive

(25,85,112),

and MVG

cycloheximide
and Yang

(112)

(25),

(25,46,85,112),

and polyamines

(97,98).

indicate that AVG and AOA are

inhibitors of ACC synthase.

that polyamines such as spermine,
inhibited ACC synthase.

also

Smith

spermidine,

(97,98)

noted

and putrescine

That AVG disrupts the production of

ethylene was demonstrated in the work of Gude and Van der
Plas

(47)

in which callus-forming discs of potato ceased to

form ethylene when AVG was added.

Saltveit and Larson

(86)

showed that AVG was the only inhibitor of ethylene
biosynthesis which reduced the level of ethylene to that of
the unstressed control.

In the second group of inhibitors

the conversion of ACC to ethylene is blocked by 2,4dinitrophenol,

n-propyl gallate,

or Co2+

(48,112).

The

third way of blocking the synthesis of ethylene is through
autoinhibition of the production of ethylene,

which can be

accomplished by suppressing the synthesis of ACC or by
promoting the malonylation of ACC

(66).

Several sources add to or concur with the list of
inhibitors of ethylene production without noting the
specific mode of action of the inhibitors.
metal chelators,

canaline

(46),

Among these,

and polyamines

(43)

were

mentioned.
Responses of plants to ethylene
Range.

As stated previously,

the range of responses of

plants to ethylene is broad including all parts and all
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developmental stages of the plant

(25).

ethylene may be direct or indirect,
enzyme activity
ammonialyase,

(peroxidase,

etc.)

e.g.

The responses to
in harvested crops

alphaamylase, phenylalanine

is increased,

or flavor may be affected

due to an increase in the starch to sugar conversion in
climacteric fruit
and eugenin

(81)

(89).

or to the formation of isocoumarin

Abeles

(1)

reviewed the literature on the

regulation of nucleic acid and protein metabolism indicating
that enzyme production was induced by ethylene and that
ethylene increases the synthesis of RNA and protein.

The

increase of RNA synthesis in response to ethylene precedes
protein synthesis
tomato

(106)

(4).

Recent studies.
1987

and is associated with epinasty in

Studies conducted between 1979 and

(see Table 1.1)

demonstrated the various responses of

higher plants to ethylene.
(80),

Membrane permeability increased

flowering and vegetative growth were controlled

and leaf abscission,
were induced

(67).

chlorosis,

and sleepiness of florets

Ethylene caused root hairs to form,

inhibited root initiation and growth,
of fruit

(42).

(69),

Tingey

(102)

and caused degreening

associated the production of

ethylene with visual injury and reduced plant growth,
whereas Hammer et al.

(50)

epinasty in poinsettias.

reported that it promoted
Other investigations indicated

that ethylene increased the activity of ACC-malonyl
transferase

(66)

and controlled the capacity for cyanide
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resistant respiration

(47).

related m-RNAs was stimulated
regulated

(40)

Accumulation of ripening(70),

and germination was

by ethylene.

Mode of action
Antagonists of ethylene action.

One of the inhibitors

of ethylene action in the literature is C02.

C02 acts as a

competitive inhibitor of enzyme reactions

and at

(1)

concentrations of 5 to 10% prevents or delays responses to
ethylene losing its inhibitory property when the
concentration of ethylene is less than or equal to 1 ul/1
(25).

The accumulation of large amounts of C02 in

intercellular spaces results in a natural antagonism of
ethylene action.

According to Burg and Burg

(29),

C02

decreases the affinity of ethylene to the receptor
probably competing with ethylene for the binding site with a
Ki=15 ml/1.
Beyer

(23)

demonstrated that AgN03 blocked the action

of ethylene showing that the triple response,
stimulation of abscission in cotton,

the

and senescence of

orchids were not observed in its presence.

This inhibitory

effect of ethylene action by AgN03 proved more potent than
that of C02,
specific,

the former antagonist being more persistent,

and nonphytotoxic at effective concentrations than

the latter.

Proof was offered by the investigator against

the scavenging of ethylene by AgN03 as the mechanism of
blocking ethylene action,

i.e.,
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the reversibility of AgN03

binding with ethylene and the noncompetitive behavior
presented by AgN03

in Lineweaver - Burk plots.

The

possibility of Ag+ substituting for Cu2+ to block ethylene
action was mentioned.

Later studies

action of ethylene was

inhibited with Ag+,

dioxide,

and low oxygen,

inhibitor.

Research

(24)

indicated that the
high carbon

with Ag+ being the strongest

(45)

demonstrated that AgN03

added to

BA or NAA stimulated the production of ethylene and that
CuS04

suppressed this synthesis.

Combining AgN03 and CuS04

reduced the effect of adding only CuS04.

It seemed that Ag+

overcame the effect of Cu2+ suggesting that these ions
shared the same site of action,
receptor.

possibly the ethylene

An explanation of the effect obtained by adding

AgN03 to CuS04 was given as follows:
to stimulate ethylene production,
its synthesis,

if Ag+ had been shown

then it did not inhibit

instead it may have inhibited the

incorporation of ethylene into the receptor increasing the
release of ethylene,

and Cu2+ was reduced to Cu+ within the

plant tissue increasing the available receptor sites,
promoting an increase in ethylene.
Atta-Aly et al.

(10)

demonstrated that whole tomato

fruit attached to the plant remained green when treated with
silver thiosulfate whereas the control would ripen.

Also,

the concentration of ethylene in treated green tissue was
higher than that of untreated red or mature green tissue.
Short-term treatment with silver did not affect the
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conversion of ACC to ethylene,

whereas long-term treatment

affected this production and that of ACC.
According to Yang

(113),

Ag+

inhibits ethylene action

by interacting with the ligands in the receptor site,

thus

reducing the receptor capacity for binding with ethylene or
by inactivating or reducing the activity of the ethylene receptor complex.
Another inhibitor of ethylene action is norbornadiene.
It has been described as a competitive inhibitor of ethylene
action

(64,113)

with a

of 170 ul/1,

similar to ethylene

in structure and possibly competing for the same binding
site.

Lincoln et al.

(64)

used norbornadiene to study the

regulation of gene expression,
tomatoes.

by ethylene,

in unripe

Cycloheximide and actinomycin D are also noted

for preventing enzyme synthesis and ethylene action
Pioneering studies.

Tingey

(102)

mentioned that the

production of stress ethylene is proportional
limit)

to the concentration of the stimulus

which the tissue is exposed.

(1).

Beyer et al.

(up to a

("toxicant")
(25)

to

pointed out

that the time and conditions of treatment should be
considered when studying dose-response relationships in
order to avoid obtaining high threshold values.
considering

these and other factors,

(1,2,25,57,61)

Even after

sources agree

that the doses of ethylene necessary for a

variety of effects are remarkably similar,
the threshold dose,

i.e.

0.1 ul/1 as half-maximal,
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0.01 ul/1 as

and 10 ul/1 as

the saturating concentration.

The fact that the processes

influenced by ethylene all have similar dose-response curves
seems to indicate that these responses all

share the same

mechanism of action.
Another finding that has contributed to elucidating the
mode of action of ethylene is that of Burg and Burg

(29).

They proposed that the in vivo receptor site for ethylene
contained a metal.
Abeles

(1)

concluded that ethylene was bound to its

site of action by Van der Waals forces and that the site
probably contained a metal.
Metabolism.
of catabolism,
CO2

("OX")

Ethylene in pea plants

i.e.

follows two routes

the major route oxidizing ethylene to

and the minor producing unknown water soluble

metabolites

incorporated into tissue

("TI")

also metabolizes to form ethylene oxide,
and its glucose conjugate

(56).

(22).

Ethylene

ethylene glycol,

Later investigations

(24)

led reviewers to believe that ethylene metabolism was
directly related to its mode of action

(87)

inhibition of TI by Ag+ and of OX by C02

since the

also blocked the

effect of ethylene on pea seedlings.
The metabolism of ethylene is characterized by the
following

(25,39):

different tissues;
all tissues

(a)
(b).

its maximum rate varies greatly in
the metabolic system is similar in

(the predominant metabolites are simple

oxidation products);

(c).

its rate changes noticeably during
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development;

(d).

the rate of oxidation of ethylene to C02

and ethylene oxide depends on the tissue and time.
(99)

Research

has indicated that the conversion of ethylene to

ethylene oxide in broad bean requires not only the presence
of oxygen but also of monooxygenase.
Model

for ethvlene action.

Addition of 02

induction of germination by ethylene
earlier observations of Burg and Burg

(40)
(29)

enhanced the

substantiating the
that lowered

concentrations of oxygen interfered in the receptivity of
the metal to which ethylene is bound for action.
Lieberman

(61)

divided the hypotheses of ethylene

action into two categories based on the views explaining the
interaction of ethylene with its receptor.

One group

proposed a dissociable ethylene-receptor complex which did
not associate ethylene incorporation and metabolism with its
action,

and the other presented an ethylene-receptor complex

which reacts to yield products
physiological action.

from ethylene resulting in

A more updated review of progress

in

research concerning the mechanism of ethylene action at a
molecular level was published by Sanders et al.
indicating that the mechanism is unclear.

(87)

Once again the

possibility of ethylene metabolism being directly related to
its mode of action was studied.

In pea epicotyls the

highest amounts of ethylene binding and of ethylene
metabolism
to ethylene

("TI")
(87).

correlated with the areas most sensitive
As a result,
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a metabolism-action

hypothesis was proposed stating that a biochemical response
is produced after ethylene oxide interacts with the binding
site

(receptor)

oxide,

and ethylene,

oxygenase produces ethylene

and the C02-forming system would serve to increase

the activity of ethylene-monooxygenase.
According to Trewavas

(64),

ethylene action may result

from an increase in ethylene concentration,
the receptor,

by a change in

or by a change in the activity of the receptor

(increase in sensitivity to low levels of ethylene).
Binding.

The site of ethylene binding

(21,93,94)

is

associated with the endoplasmic reticulum or golgi bodies.
Sanders et al.

(87)

suggested that the binding sites are

integral membrane proteins,

and Yang

(113)

indicated that

the reversible binding of ethylene to a metal-containing
site is the first step in ethylene action.
described as reversible,

specific,

The binding is

and exhibiting saturation

kinetics.

02

increases the affinity of the enzyme for the

substrate,

whereas CO2 decreases affinity

(113).

compete with ethylene for the binding site,

C02 may

and AgN03

is

thought to react with the ligands in the receptor site so
that the capacity for binding with ethylene is decreased
(113).

Results affirming that C02 does not interfere with

binding have been published

(95).

Binding may be stereospecific and the stereospecificity
may be age-dependent.
of

Experiments studying the conversion

stereoisomers of l-amino-2-ethylcyclopropane-l-
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carboxylic acid

(AEC)

to 1-butene

(5),

a conversion which is

mediated by the same enzyme that converts ACC to ethylene
(51),

demonstrated that the cis- and trans- AEC produces 1-

butene inefficiently and at similar rates in young petals of
carnations

(which usually have a low output of ethylene),

and that aging petals discriminate between the cis- and
trans- forms of AEC with respect to 1-butene.

While the

rate of turnover for the cis-AEC to 1-butene remains low,
there is a notable increase in the rate of conversion of
trans-AEC.

Many compounds in the trans- state were shown to

interact with the binding site of ethylene
ethylene,

CO,

HCN,

KI,

thiourea,

(95),

e.g.

and 2,5-norbornadiene

compound is not an analogue of ethylene,

(this

rather it is an

inhibitor of its action and competes for its binding site).
It is not known if binding is required for action.
Binding and metabolism may be linked since the kinetics for
ethylene metabolism in Vicia faba and for binding in
Phaseolus vulgaris are similar

(25.

Conversely,

studies

(3)

using the time that it took ethylene to pass through a glass
column filled with seedling tissue concluded that binding
was not physiological.

The results indicated that

inhibitors of ethylene action did not decrease binding and
that ethylene binding was exhibited by tissue that was not
known to have any binding sites for ethylene.
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Concluding remarks
The research cited above directs attention to the
various

factors and phenomena related to the growth and

development of plants.

This summary lends support to the

need for studies that would consider the
of disorders,

in a

variety of plants,

degree of control

that regulation of

nitrogen source and concentration would afford.
simultaneous

A

investigation on the relationship between the

control of disorders and the evolution of ethylene is
suggested to determine if ethylene evolved can,

in fact,

used as a measure of stress in a variety of crops.

be

The

advantage of choosing a ratio of NH4-N and N03-N that may be
more efficient in minimizing damage to plant growth and
development rather than a sole source of nitrogen should
also be studied.

Also raised is the question of the source

of N to which K+ should be added,
to adjustments of K+,

with plants that respond

and in what concentrations,

optimum growth and development.
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for

Table 1.1

Response of higher plants to ethylene.

Response

Plant Part

Crop

Source

Decrease in stem
elongation and
increase in ra¬
dial growth

kidney bean
(Phaseolus
vulaaris L.)

whole plants

Jaffe and Biro,
1979

Control of flow¬
ering and vege¬
tative growth

Nemesia
strumosa

whole plants

Matta et al.,
1979

Increase of mem¬
brane permeabil-

beet
(Beta
vuaaris L.)

root sections

Poovaiah, 1979

Induction of
leaf abscission,
chlorosis, and
sleepiness of
florets

Kalanchoe
blossfeldiana
Foelln.

whole plants

Marousky and
Harbaugh, 1979

Formation of
root hair,
inhibition of
root initia¬
tion and growth,
degreening of
fruit

petunia
(Petunia
hvbrida L.
cv. Red Magic)

leaf sections

Gavinlertvatana
1980

Visual injury,
reduction of
growth

various

whole plants

Tingey, 1980

Promotion of
epinasty

poinsettias
(Euphorbia
pulcherrima
Willd.)

whole plants

Hammer et al.,
1981

ty

Galston, 1983

Inhibition of
polyamine
production

,
(table cont. on next page)
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Table 1.1

Continued

Promotion of
ACC-mlanyl
transferase
activity

grapefruit
(Citrus
oaradisi
Macfad. cv.
Ruby Red)

flavedo discs

Liu et al.,1985

Control of
capacity for
alternative
pathway

potato
(Solanum
tuberosum
L. cv. Bintje)

tuber discs

Gude et al.,1985

Pirrung and
Brauman, 1987

Inhibition
of cytochrome
c oxidase
Accumulation
of ripeningrelated
m-ENAs

tomato
(Lvcooersicon
esculentum Mill,
cv. Ailsa Craig)

mature green

Maunders et al.,
1987

Activation
of gene
expression

tomato
cv. VINT Cherry

unripe fruit
50% full size

Lincoln et al.,
1987

Regulation
of germina¬
tion

cocklebur
(Xanthium
oennsvlvanicum
Wallr.)

seeds

Esashi et al.,
1987
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(methionine)
transamination

+NH->

I 3

tt3-S-CH2-ai2-C-CO°- (KMTB)

ch3 -s -ch2 -ch2 -ch-ooo"

0

ribose-adenine
(SAM)

Pi + HOOQH(or OO2)
CH3-S-ribose-1-P
\^*ADP

ACC

synthase
V-ATP
\
.
CH3-S-ribose-<(5-methylthior ibose)

i?2°
—CH3-S-ribose-adenine
(5 -methyl thioadenos ine)

adenine

h2cv/h3

1>

h2c \xx)~
(acc)
02

NH, +

oooh + oo2

h2c = ch2
(ethylene)

Figure 1.1 Pathway for biosynthesis of ethylene (Salisbury and
Ross, 1985).

CHAPTER II
RESPONSE OF PLANTS TO VARYING
SOURCES AND HIGH LEVELS OF NITROGEN

Introduction
Numerous

investigations of plant growth and of

morphological and physiological disorders have compared
sources and levels of N nutrition.
Growth of pole beans was restricted and ammonium
toxicity symptoms were apparent on plants grown with
(NH4)2S04

(18).

Leaf margins were curled and dried,

blades became progressively yellow and necrotic.

and the

The

formation of stem and leaf lesions in tomato plants

(15)

increased in severity with increasing concentration of NH4+N and were absent in
bean,

cucumber,

pea,

than with N03”-N

N03"-N treatments.

Fresh weights of

and corn plants were lower with NH4+-N

(71).

Wilting,

marginal necrosis,

interveinal chlorosis of terminal
typical responses to NH4+—N.
treated with N03"-N.

leaves,

and death were

These were not noted in plants

Poinsettias supplied with NH4+-N were

shorter and had lower dry weights than those grown on N03
(36,76).

'Annette Hegg Supreme'

poinsettia leaves treated

with 100% NH4+-N turned yellow- green,
N03“-N were deep green
on the bracts of

(36).

whereas those under

The number of necrotic spots

'Gutbier V-14 Glory'

with NH4+-N but not with N03"-N
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N

(76).

poinsettias

increased

Chaillou et al.

(30,31)

reported that the fresh weight of French bean plants

on NH4+-N was 30 to 50% less in comparison to those treated
with N03”-N.

Wheat plants supplied with N03“-N had higher

yields than those on urea and other treatments

(58).

Responses to source and level of N differ according to
taxonomic classification of the plant.

Tomato and eggplant

were the only species of Solanaceae to develop lesions under
NH4+-N,
(52).

whereas sweet pepper,

and tobacco did not

Variation in tolerance to NH4+-N was reflected in a

study of 39 cultivars,
(12) .

petunia,

The cultivar

mutants and crosses of tomato plants

'Heinz

1350'

released large quantities

of ethylene when treated with NH4+-N,

whereas the mutants

yellow green-5 and nealecta-1 did not
Tingey

(102)

associated visual

(34).

injury and restricted

plant growth with ethylene production.

Woltering

(110)

established a classification system based on the response of
52

ornamental plants to varying doses of ethylene

and 15 ul/1

for 24

or 72 h).

Ferns,

(0,

3,

9,

Nephrolepsis exaltata,

exhibited no response to the highest level of ethylene.
Poinsettia plants were epinastic after 72 h on 15 ul/1
ethylene.

Many additional,

detrimental effects of ethylene

on crops have been reported

(see Table 1.1).

Potassium nutrition counteracts ammonium toxicity
(11,12,15,34,71,74,91).
sunflower plants

(65)

Experiments with wheat and

demonstrated that supplying K+ had a

slight effect on growth in N03
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—N,

whereas yields

increased

if K+ was added to NH4+-N.

Corey et al.

(34)

adding an equivalent concentration of KC1 to

showed that
(NH4)2S04

prevented epinasty and a rise in ethylene evolution by
tomato.
These results suggest the possibility of using ethylene
evolution as a measure of plant stress and emphasize the
importance of adequate nutrition in the control of plant
growth and development.
A variety of plants were chosen for experimentation to
assess their reactions to the various combinations of N
source and level.

Tomato plants were selected for study

because of extensive research involving tomato in relation
to NH4-N and K+ nutrition

(8,12,14,34,52)

therefore they

served as a standard by which to evaluate the other
horticulturally important plants.
Hammer et al.

(50)

Results obtained by

in their work with poinsettias allowed

for their classification according to their susceptibility
to epinasty.

Coleus and ferns were chosen because they are

are grown as foliage plants.

Stimulation of ethylene

evolution by nutritional stress on these cros may affect
their appearance adversely.
Materials and Methods
Four replications of 12 treatments were included for
each crop in a soilless mix of peat,
perlite.
Amherst,

vermiculite,

and

The experiment was conducted in a greenhouse,
Massachusetts,

during the fall
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1986.

in

Concentrations of 0.005M,
urea,

0.01M,

0.02M,

0.002M MgS04,

elements

0.005M CaCl2,

(Table 2.1).

days/wk to ferns

(Nephrolepsis exaltata
tomatoes

Mill.

and coleus

cv.

'Heinz

1350'),

'American Beauty').

growth,

FeEDTA,

poinsettias

and minor

A dosage of 100 ml was administered 5

bostoniensis Davenport),

[Schott]

(Lvcooersicon esculentum
(Coleus blumei Benth.

Because of their slow rate of

(Euphorbia pulcherrima Willd.

'Annette Hegg Dark Red'
50 ml

(NH4)2S04,

or Ca(N03)2 were added to a basic solution of 0.001M

KH2P04,

cv.

and 0.04M

and

'Gutbier V-14 Glory')

cvs.
received

5 days/wk in order to avoid accumulation of salts in

the growth medium.
Treatments were continued until their effects were
visible on the plants growing under the highest
concentration of the salt
margins,

(e.g.

or ammonium toxicity).

epinasty,

burning of leaf

When a response was

detected each replication was sealed on successive days in
bell jars under fluorescent lights

for a minimum of 12 h.

Two ml atmospheric samples were taken with plastic syringes
for analysis of ethylene by gas chromatography.
Notes on the appearance of each plant were taken prior
to sealing.

Fresh and dry weights of the shoots were

tabulated for all specimens.

Analyses of variance and

regressions of the resulting data were performed
W.J.

1983.

BMDP Statistical Software.

California Press,

Berkeley).
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(Dixon,

University of

Results
Appearance
At the time that evolution of ethylene was measured,
tomatoes had marginal burn,

cupping and chlorosis of leaves

under the 0.005M

urea,

(NH4)2S04,

(NH4)2S04 treatments.
0.02M and 0.04M

Ca(N03)2 and the 0.04M

Leaf epinasty was evident for the

(NH4)2S04 and 0.04M Ca(N03)2 regimes.

and stem lesions were apparent with the 0.04M
treatment.
with 0.04 M

(NH4)2S04

No new fronds were produced for ferns treated
(NH4)2S04,

other treatments.

whereas new growth was evident in all

Ferns under urea nitrogen nutrition were

greener than those treated with other sources.

The upper

leaves of coleus were yellow with the 0.005 M,0.01 M,
0.02 M

(NH4)2S04 treatments.

(NH4)2S04.
stem.

Leaf

and

Many plants died under 0.04 M

Surviving plants had epinasty and lesions of the

The size of leaves under the 0.04 M level

for all

sources of nitrogen was reduced relative to the growth of
plants on the other treatments.

Annette Hegg poinsettias

displayed yellowing of leaf margins and some desiccation and
burning of leaves in the 0.02 M

(NH4)2S04 treatment.

The

degree of curvature in epinasty increased from the 0.005 M
to the 0.04 M levels of
common with the 0.04 M

(NH4)2S04.
(NH4)2S04.

Leaf abscission was
Epinasty was noted also

for the 0.02 M and 0.04 M urea treatments.

Poinsettias of

the V-14 Glory variety also showed yellowing and burning of
leaf margins,

desiccation of leaves,
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and lesions on petioles

under 0.02 M

(NH4)2S04.

Abscission of leaves and

desiccation were apparent for the 0.04 M
treatment.

(NH4)2S04

Lesions developed on old leaves remaining on

plants subjected to the highest level of ammonium nutrition.
Dry weight
The highest dry weights were recorded under 0.02 M
Ca(N03)2

for tomato,

fern,

and Annette Hegg and at 0.01 M

Ca(N03)2

for the V-14 poinsettia

(Table 2.2).

The

poinsettias and ferns had the lowest dry weight with 0.04 M
(NH4)2S04.

There were significant differences in dry

weights due to source and to concentration of N for tomato
and the ponsettias.

A significant interaction of source and

concentration occurred for all crops except fern and the
Annette Hegg poinsettia.
Dry weights ofboth varieties of poinsettias decreased
significantly as the concentration of
Under the urea treatments,

(NH4)2S04

increased.

the dry weight of tomato

increased significantly with increasing

(NH4)2S04,

whereas

the dry weights of coleus and V-14 poinsettia were
restricted under similar conditions.
concentration of Ca(N03)2

Increasing the

caused a significant increase in

dry weights of tomato and V-14 poinsettia.
poinsettias,

the initial

In the V-14

increase was followed by a

significant decrease as the concentration of Ca(N03)2
increased.

No significant trend was observed for the dry

weight of ferns with any N source.

48

The dry weights of tomato and V-14 under the
and the urea regimes were significantly different
grown with Ca(N03)2.

(NH4)2S04
from those

Annette Hegg showed a significant

difference between the dry weights obtained under
and those recorded under urea or Ca(N03)2.

(NH4)2S04

For ferns,

no

significant difference was occurred among the dry weights
produced under the three sources of N.
Ethylene
Ethylene evolution was highest at the 0.04 M level
(NH4)2S04
coleus,

(Table 2.3)

for all crops except coleus.

(NH4)S04 were necrotic.

lowest output of ethylene was noted under Ca(N03)2
crops but

'Annette Hegg'

Many
The

for all

for which the lowest measurement of

ethylene was recorded with 0.005 M urea.

The next lowest

reading for this crop was with 0.005 M Ca(N03)2.
coleus,

For

ethylene evolution was highest at 0.04 M urea.

of the coleus plants at 0.04 M

of

Tomato,

and fern had the lowest readings at 0.02 M Ca(N03)2

and V-14

at 0.01 M Ca(N03)2.

Regression analyses revealed a significant trend toward
increased ethylene evolution as the concentration of
(NH4)2S04

or urea was

increased for tomatoes and for both

varieties of poinsettias.

A significant downward trend in

the output of ethylene was

found

for tomato as Ca(N03)2

decreased.
Ethylene evolution was higher for crops treated with
(NH4)2S04

or urea than for crops under Ca(N03)2.
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For ferns.

ethylene evolution differed significantly among the three
sources of N.

No significant effects of N source on

ethylene evolution were detected for coleus.

The two

varieties of poinsettias had a significantly greater
ethylene output with
Ca(N03)2

(NH4)2S04 than with the urea or the

regimes.
Discussion

The appearance of disorders under the 0.04M

(NH4)2S04

treatment indicated that a number of metabolic processes
were altered by this

form and level of nutrtion.

Treatment

with NH4+-N reduces the cation content in roots and shoots
of French beans

(30,31),

especially K+ and Ca2+.

In turn,

a

deficiency of K+ induces the accumulation of polyamines in
plants

(97).

locations

Translocation of toxic compounds to peripheral

in stems and leaves has been discussed with

respect to tomato under NH4+ nutrition

(13).

Injury to leaf

margins would be explained by this type of accumulation,
would lesion formation.

Puritch and Barker

demonstrated that in treatments with

as

(82)

(NH4)2S04,

free NH4+

accumulated as chlorophyll was depleted and that
photosynthesis was reduced prior to and during the
deterioration of chloroplasts.

These observations would

provide explanation for the diminished plant growth noted
for NH4+-N in this experiment.
Urea applied to wheat plants gave lower yields than
urea with the urease inhibitor phenylphosphorodiamidate,
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PPD

(58).

The decomposition of urea into ammonia

inhibited in the urea amended with PPD,
taken up directly.

It would seem,

(46)

would be

and urea would be

therefore,

that the lack

of toxicity symptoms in the urea-treated plants of the
current investigation was due to a lack of accumulation of
NH4+ in the shoots

(11,15,74).

This author would suggest

that an increased capacity for incorporation of the N from
urea into amino acids in the roots may be responsible for
this result.

Also,

competition for K+ in a urea-N medium

would not be as pronounced as in ammonium nutrition

(8).

The results obtained by prior research
(15,18,30,31,36,71,

76)

support the observations on

increased growth and lack of injury in N03--N.
Appearance of epinasty and the highest evolution of
ethylene in plants on NH4+-N agree with sources on these
subjects

(34,50,102).

Beginning with a concentration of 0.01M,
NH4+-N decreased as ethylene increased.

growth under

This response was

not noted for coleus between the 0.01 M and 0.04 M levels of
(NH4)2S04.

Corey et al.

(34)

found that ethylene evolution

varied with the length of N treatment.

A peak in ethylene

evolved by tomato plants treated with NH4+-N was observed at
approximately 16 days and declined sharply thereafter.
is possible that the peak for ethylene evolution,
highest level of NH4+-N,

at the

in coleus plants was passed.
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It

Table 2.1

Composition of nutrient solution
Element

N

[(NH4)2S04,

urea,

Concentration
M
Ca(N03)2]

0.01,

K

0.001

Ca

0.005

Mg

0.002

P

0.001

S

0.002
DPH

B

0.5

Cl

0.5

Mn

0.5

Zn

0.05

Cu

0.02

Mo

0.01

Fe

1.0
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0.02,

0.04,

0.08

Table 2.2.

Dry weights of shoots of plants treated with

variable sources and levels of nitrogen.

Treatment

Drv weicihts

Tomato

Fern

(cr/shoot^
Poinsettia

Coleus

AH

V—14

M
(NH4)2S04

0.005
0.01
0.02
0.04
Significance2

10.9
12.2
12.1
9.7
NS

10.6
9.5
7.1
7.2
NS

5.1
2.8
3.0
2.5
NS

18.8
22.2
20.1
7.8
L**,Q*

Urea

9.6
10.2
11.4
12.2
L*

9.7
9.8
8.9
11.1
NS

3.3
3.1
2.6
1.9
L**

21.9
21.5
28.4
19.6
NS

17.9
18.6
13.7
10.7
L**

10.5
12.2
14.6
14.1
L*, Q*

10.4
11.6
13.1
6.8
NS

2.6
2.7
3.3
2.4
NS

21.3
22.8
28.6
20.5
NS

16.4
20.2
17.0
16.3
c*

0.005
0.01
0.02
0.04
Significance
Ca(N03)2

0.005
0.01
0.02
0.04
Significance

15.0
18.7
17.4
5.1
L**,Q**

Effect Due to N Source^
(NH4)2S04
Urea
Ca(N03)2

11.2a
10.9a
12.8b

8.8NS
10.4
10.3

3.3NS
2.7
2.7

17.2a
22.8b
23.3b

14.1a
15.2a
17.5b

z Significance of regression of weight vs. concentration of
N source: L, linear; Q, quadratic; C, cubic; *, P^O.05; **,
P^O.Ol; NS,nonsignificant.
y Separation of means by Fisher's LSD (0.05).
NS,
nonsignificant by F-test.
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Table 2.3.

Evolution of ethylene by shoots of plants

treated with variable sources and levels of nitrogen.

Treatment

Ethvlene

(nl/a.hr}
Poinsettia

Tomato

Fern

Coleus

AH

V-14

M
(NH4)2S04

0.005

0.01
0.02
0.04
Significance2
Urea

0.005
0.01
0.02
0.04
Significance
Ca(N03)2

0.005
0.01
0.02
0.04
Significance

12

3

4

15
18
46
L**

10
10
11
NS

17
13
9
NS

15
16
18
32
L*

5
3
9
9
NS

4
18
10
28
NS

1
2
3
4
L**

3
3
7
6
L*

5
4
0
4
NS

15
12
3
3
NS

1
2
3
3
NS

3
2
3
4
NS

15
16
7
9
L*, Q*

2
2
3
11
L**,Q**

2
4
6
23
L**,Q*

Effect Due to N Source^

(NH4)2so4
Urea
Ca(N03)2

23b
2 0b
12a

9c
6b
2a

11NS
15
8

4b
2a
2a

9b
5a
3a

z Significance of regression of weight vs. concentration of
N source: L, linear; Q, quadratic; *, P^0.05; **, P^O.Ol;
NS, nonsignificant.
y Separation of means by Fisher's LSD (0.05).
NS,
nonsignificant by F-test.
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CHAPTER III
RESPONSE OF TOMATO AND COLEUS TO NH4+-N AND N03“-N RATIOS

Introduction
Crops vary in responses to combinations of N sources.
Poinsettia yields declined as concentrations of NH4+-N
increased in proportion to N03"-N
Supreme'

(36,76).

leaves turned yellow-green at 100% NH4+-N

Necrotic spots appeared on bracts of

(91)

(76).

Scherer and

reported interference by NH4+-N of the

absorption of N03”-N,
(107)

(36).

'Gutbier V-14 Glory'

treated with NH4+-N as the sole N source
MacKown

'Annette Hegg

cations,

and other anions.

Ullrich

reviewed the ways in which NH4+ can inhibit the uptake

of N03~-N.

On the other hand,

(Ceretonia siliaua L.)

research with carob trees

indicated that their growth trees was

favored by a mixture of NH4+-N and N03“-N or by NH4+-N alone

(68) .
Adjusting the mixtures of NH4+-N and N03”-N
3.0 mM)

(total N:

with K+ demonstrated that adding 0.1 mM K+ produces

a lower dry weight in tobacco plants than adding 1.0 mM K+
(91).

Addition of 1.0 mM K+ to a combination of 2.25 mM

N03” and 0.75 mM NH4+ gave the highest yields.
After studying the effects of separate sources of N on
plant growth and development
research was proposed.

(see chapter 2),

the following

The responses of tomato

(Lvcooersicon esculentum Mill.
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cv.

'Heinz

1350')

and coleus

(Coleus blumei Benth cv.

'American Beauty')

to various

combinations of NH4+-N and N03_-N were studied.
Materials and Methods
Twenty-eight

-week-old

6

'Heinz

(Lvcooersicon esculentum Mill.),
potted singly in a

1350'

grown from seed,

Beauty'

Massachusetts.
coleus plants

were

fine and coarse silica sand mixture,

1:1

in plastic pots during the spring 1987
Amherst,

tomato plants

in a greenhouse at

An equal number of

(Coleus blumei Benth.)

'American
were potted

under similar conditions.
Plants were treated with Hoagland's nutrient solution
until they were well-established.
and 18 days

for coleus,

After 10 days

for tomato

the application of treatments began.

Seven solutions with varying ratios of NH4+-N to N03~-N were
prepared.

The percentages of 0.015 M NH4+-N and 0.015 M

N03“-N were arranged in the following ratios of NH4+ and
NO3”,

respectively:

10:90,

0:100.

M MgS04,

All

FeEDTA,

(NH4)2S04,

100:0,

90:10,

75:25,

50:50,

25:75,

solutions contained 0.001 M KH2P04,

and minor elements.

Ca(N03)2•

KN03,

CaCl2,

0.002

Concentrations of

and KC1 varied according

to the percentage of NH4+-N and N03”-N required to maintain
constant levels of K+ and Ca2+.
treatments were set up.
solution per day,

Four replications of the 7

Plants received 100 ml of nutrient

5 days per week.

When differences among the treatments were detected,
each replication was sealed,
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on successive days,

in bell

jars,

under fluorescent lights at an average intensity of 51

umol.s-1.m“2

for a minimum of 12 hr.

Release of ethylene

was measured using the method described in chapter 2.
Appearance and fresh weights of shoots were recorded for all
plants.

Analyses of variance and regression of the data

were performed.
Results
Appearance
Epinasty and chlorosis in tomato plants increased with
increments

in NH4+-N.

Leaves of tomato treated with 75,

and 100% NH4+-N exhibited upward curling.

90,

Coleus plants

showed increasing epinasty and chlorosis with increases from
75 to 100% NH4+“N.

The size of of coleus plants and leaves

were visibly smaller at 90 and 100% NH4+-N.
Fresh weight
The average fresh weights of both species declined as
the concentration of NH4+-N increased

(Figs.

3.1 and 3.2).

Analyses of variance showed that the effect of concentration
on the mean fresh weight of both crops was highly
significant.

Fresh weight was highest at the 0% NH4+-N and

lowest at 100% NH4+-N for tomato and coleus.

Regression

analyses showed a highly significant trend for suppression
of fresh weight as the concentration of NH4+-N
with both species

(Figs.3.1 and 3.2).
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increased

Ethylene
Evolution of ethylene by tomato increased as the level
of NH4+-N increased

(Fig.

3.3).

For coleus,

ethylene

evolved increased from 0 to 90% then dropped sharply at 100%
NH4+_N

(Fig.

3.4).

The effect of NH4+ concentration on

ethylene evolution was significant for both crops.
Significant linear trends were observed with increasing
ethylene evolution as the proportion of NH4+-N increased.
Discussion
The decline in fresh weights of tomato and coleus as
the proportion of NH4+-N increased in this experiment
parallels the results obtained for poinsettias treated with
various combinations of NH4+-N and N03"-N

(36,76).

Also,

the chlorosis observed in tomato and coleus with increasing
ratios of NH4+-N to N03~-N, was observed in Annette Hegg
Supreme poinsettias

(36).

The development of epinasty and chlorosis for tomato
and coleus as the proportion of NH4+-N increased in this
investigation has occurred in other plants subjected to
NH4+-N stress

(34,71).

Similarly,

the restriction of growth

and increasing evolution of ethylene can be explained by
ammonium toxicity.

The simultaneous appearance of epinasty

and elevated evolution of ethylene at high NH4+-N
corroborate the research of Saltveit and Larson

(96) , which

demonstrated the appearance of both responses in stressed
poinsettias.

The burst of ethylene at 90% NH4+-N for coleus

58

and not at 100% NH4+-N may be explained by a delay in the
measurement of ethylene.
work of Corey et al.

(34)

This assumption is based on the
indicating that a sharp rise in

ethylene evolution by Heinz 1350 tomato shoots,
NH4+-N, was observed after 16 days,
decrease in ethylene.
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CHAPTER IV
RESPONSE OF TOMATO AND COLEUS
TO INCREASING LEVELS OF NH4+-N AND N03“-N

Introduction
Prior research demonstrated that plants treated with
NH4+-N have lower yields than plants supplied with N03“-N
(12,18,19,30,31,36,71,76).

Fresh weights of five species of

Solanaceae were restricted with increases of NH4+-N
Similarly,

(52).

dry weights of VR Valiant and yellow-green-5

tomato plants were diminished with increasing NH4+-N

(12).

Plants respond to increases in NH4+-N by increasing
evolution of ethylene and developing epinasty
Saltveit and Larson

(86)

aminoethoxyvinylglycine
synthesis,
action,

(34).

showed that 10.0 mM
(AVG),

an inhibitor of ethylene

and 3.0 mM silver ion,

an antagonist of ethylene

reduced the severity of epinasty in poinsettias

previously sleeved for 24 hours.
evolution,

and Ag+ increased it.

AVG restricted ethylene
Other sources

(50)

agree

that ethylene promotes epinasty adding that susceptibility
to epinasty varies among plants.
Fresh weight was enhanced in tomato if K+ was added to
low levels of NH4+-N

(12).

Addition of K+ reduced or

eliminated stem lesions due to NH4+-N toxicity to a greater
extent than other cations tested

(15).

This effect of K+

was not evident with concentrations higher than 0.02 N
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(NH4)2S04

and with 0.01N K+

(52).

Growth of tomato was not

affected by K+ when N was deficient

(74).

Plants treated

with N03“-N showed little improvement in growth when K+ was
added

(65).
The following experiment utilizes the concentrations of

nitrogen applied in the preceding investigation

(Chapter 3),

yet separates the sources of N in order to study the effects
of source,

concentration,

and interaction of both variables,

with an adequate supply of K+,

on plant yield and on

ethylene evolution.
Materials and methods
Two groups of 24 plants were potted in a 1:1 ratio of
fine and coarse silica sands,
Fall

1987.

The experiment included

'American Beauty'
(NH4)2S04
and 100%

coleus plants.

'Heinz

(100% being 0.015 M NH4+-N)
0.005 M CaCl2,

tomato and

25,

50,

75,

90,

in a basic solution of

0.001 M KH2P04,

and minor elements.

1350'

One group received

in relative concentrations of 10,

0.005 M KC1,
FeEDTA,

in plastic pots during the

0.002 M MgS04,

The other group of plants was

administered N03”-N in the relative concentrations mentioned
above using solutions with amounts of Ca(N03)2,

KN03,

CaCl2,

and KC1 that varied according to the concentration of N
desired to achieve constant levels of K+ and Ca2+.
replications

Four

for each treatment continued until differences

among treatments were noted.
in Chapter 3.
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Experimentation proceeded as

Results
Appearance
Tomato and coleus became increasingly chlorotic as the
level of NH4+-N increased from 10 to 100%
M).

(0.0015 to 0.015

The color of coleus leaves became duller as the

concentration fo NH4+-N was raised.

Tomato plants were more

chlorotic under this source than under N03“-N.
supplied with 10 and 25% N03"-N

Coleus

(0.0015 and 0.00375 M)

were

chlorotic in comparison to those under higher concentrations
of the same source.

A similar observation was made for

tomato plants under 10,
and 0.0075 M) .

25,

and 50% N03”-N

(0.0015,0.00375,

Veins of tomato plants were reddish-purple

at 10 and 25% N03”-N.

The lowest leaves of tomato were

necrotic in NH4+-N treatments and yellowing in N03“-N at all
concentrations.

The second set of leaves

from the bottom

were chlorotic in NH4^-N and green in N03”-N.
Epinasty developed in petioles and leaves of coleus at
50% NH4+-N

(0.0075)

and increased as the concentration

approached 0.015 M NH4+-N.
observed at 90% NH4+-N

Bending of the whole stem was

(0.0135 M).

Leaf area of coleus

declined increasingly from 50 to 100% NH4^-N and was
generally smaller in NH4“^-N than in N03”-N.
Upward curling of tomato leaves
100% NH4+-N

(0.0075 to 0.015).

increased from 50 to

Tomato plant size under the

three highest concentrations of NH4"~-N was smaller than for
plants treated with the same concentrations of N03"-N.
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Fresh weight
The average fresh weights of shoots of both species was
greater in plants treated with N03”-N than in those treated
with NH4+-N
equal

(Figs.

4.1 and 4.2).

Weights were approximately

for all concentrations under each source of N.
Analyses of variance for both crops showed a

significant effect of N source on fresh weight and no
significant effect of level or source x level

interaction.

Ethylene
Ethylene evolution by tomato was greater under NH4+-N
than under N03”-N

(Fig.

4.3).

Ethylene evolution increased

with increments of NH4+-N and less noticeably with
increasing N03“-N.
The effects of N source,

level,

and source x level

interaction on the ethylene evolved by coleus were not
significant

(Fig.

4.4).

Analysis of variance for tomato

showed significant effects of source and level,
respectively,

on ethylene evolution

(Fig.

4.3).

No

significant trend of ethylene evolution as the concentration
increased occurred for either source with tomato shoots.
Discussion
Ammonium toxicity symptoms of chlorosis and curling of
leaf margins observed in this experiment have been studied
by other investigators

(18).

Puritch and Barker

reported simultaneous loss of chlorophyll,
photosynthesis,

(82)

decline in

and increased accumulation of NH4+ as
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chloroplasts continued to degrade during ammonium toxicity
of tomato.

The investigators discussed the possibility of

alterations

in protein metabolism as one explanation for the

changes observed in chloroplasts under NH4+-N.

Protein

degradation would cause a disruption of the pigment-protein
linkage which binds chlorophylls and carotenoids and
proteins in the chloroplast

(46).

The results of this

experiment reported necrosis of the lower leaves of tomato
under NH4+-N and yellowing of the leaves with NC>3--N.
observations,

according to Barker

(11),

These

indicate that

degradation of protein is occurring under both treatments,
but exceeds synthesis under NH4+-N.
The number of chloroplasts and the content of
chlorophyll were restricted by N deficiency in spring barley
(100) .

The chlorosis of tomato and coleus at low

concentrations of N03”-N would be a response to N
deficiency.
Accumulation of anthocyanin under low concentrations of
NH4+-N would account for the reddish-purple veins observed
in leaves of tomato

(46).

Increasing epinasty beginning at 50% NH4+-N in coleus
is similar to that reported by Corey et al.

(34) .

Bending

of the entire stem of coleus at 90% NH4+-N was not due to
wilting since leaves,
turgidity.

stems,

and petioles retained

If epinasty is induced by ethylene

(50,86),

then

this bending at 90% NH4+-N should have been accompanied by
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an increase in ethylene,

but,

instead,

had the lowest

reading for ethylene for coleus.
The lower fresh weights observed with NH4+ as the
source of N agree with the observations of Barker

(11)

which

indicated that NH4+-N treatment results in a degradation of
protein exceeding synthesis.
tomato,

fresh weights eith N03“-N were 30 to 60% higher than

those treated with NH4+-N.
pattern,

In the present study with

Coleus followed a similar

yet had a difference in the weights for the two

sources of N,

with weights for N03”-N 8 to 30% higher than

for NH4+-N.
In this experiment,

growth was not restricted by

increasing concentrations of NH4+-N as noted for the results
discussed in chapter 2.

The constant fresh weihgts observed

with increasing concentration of NH4+-N could be the result
of enhancement of fresh weight by addition of K+.
and Lachman

(12)

Barker

demonstrated that addition of K+ to low

levels of NH4+-N increased the fresh weight of tomato
plants.
According to Corey et al.

(34),

amendment of NH4'I"-N

with an equivalent concentration of K+ would prevent a rise
in ethylene.

The concentration of K+ in the nutrient

solution of the present investigation should have been
sufficient to counteract the detrimental effect of NH4+-N on
growth and development.

However,

the addition of K+ did not

restict the evolution of ethylene in tomato treated with
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NH4+-N.
K+

Additional questions in relation to the effect of

in this experiment were raised with the large decrease in

ethylene evolution is noted between 50
(0.0135 M)

(NH4)2S04

for coleus.
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(0.0075 M)

and 90%
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CHAPTER V
CONCLUSION

In conclusion,

it was observed that ethylene evolution

increased with increments of concentrations of NH4+-N and
with increasing ratios of NH4+-N and N03"-N.

Growth and

development were adversely affected over a wide range of
NH4+-N concentrations.

Treatment with a high level of urea

generally restricted growth and increased ethylene evolution
but to a lesser degree than with NH4+-N.
high levels
studied.

N03_-N at low or

favored growth and development of all crops

These results showed that NH4+-N was phytotoxic

even at levels of nutrition that might be considered
deficient.

It appears that urea must be hydrolyzed to

ammonia in order for phytotoxicity to occur.
Based on the results of of these experiments,
evolution did not reflect the physiological
on by NH4+-N in all species studied.
poinsettia,

ethylene

stress brought

Although coleus,

and ferns were stressed intensely by NH4+-N,

these species did not exhibit strong rates of ethylene
evolution under this

form of stress.

Potassium nutrition

had an ameliorating effect on the phytotoxicity of NH4+-N.
Further experimentation regulating the concentration of K+
will be necessary to answer many of the questions raised.
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